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Various pathways for the regeneration of Ornithogalum
longibracteatum in vitro (Pregnant onion) were investi-
gated. Transverse thin sections of bulblets induced cal-
lus with shoot buds when cultured on Murashige and
Skoog (MS) basal medium supplemented with 4.0µM
kinetin. In a second regeneration pathway, thin sections
of bulblet cultured on MS basal medium supplemented
with 3.0µM 2,4-dichlorophenoxy acetic acid and 9.0µM
kinetin produced glossy embryogenic callus.
Subculture of this callus on MS basal medium with
60µM abscisic acid resulted in maturation of oval and
globular shaped embryos. Complete plantlets were pro-
duced when the mature embryos were separated and
cultured on half-strength MS basal medium without
growth regulators. The plantlets showed normal growth.
Abbreviations: ABA = abscisic acid, 2,4-D = 2,4-dichlorophe-
noxyacetic acid, Kin = kinetin, MS = Murashige and Skoog
basal medium
Ornithogalum (chincherinchee) is a bulbous genus indige-
nous to South Africa. Improved hybrids have potential as cut
flowers and pot plants but their inherent susceptibility to
Ornithogalum mosaic virus limits commercial exploitation
(Burger and Von Wechmar 1988, Vcelar et al. 1992,
Wanghai and Bock 1996). Ornithogalum longibracteatum
commonly known as ‘Pregnant onion’ is a bulb indigenous to
Zululand (Figure 1A). Potential toxins known in the genus
include convallatoxin, convallaside, and strophanidin (Duke
1985). Bulbs grow above the soil surface and are 10–15cm
in diameter and leaves are up to 1m long (Figure 1A). The
propagation of O. longibracteatum is normally by the forma-
tion of bulblets on the side of the main bulb. Seed set and
percentage of seed germination is very low.
Although there are several pathways of regeneration in
plant tissue culture, somatic embryogenesis offers some
potential advantages such as a high proliferation rate and
bipolar structure to enhance plantlet recovery from the
somatic embryos. Regeneration of Ornithogalum from
adventitious buds was reported by Hussey (1976), Klesser
and Nel (1976), Nel (1981), Griesbach et al. (1993) and
Nayak and Sen (1995). In Lachenalia, another genus in the
Hyacinthaceae, Niederwieser and Van Staden (1990)
showed that adventitious buds on leaves arose from guard-
cell mother cells. In the case of Ornithogalum thyrsoides, the
in vitro cultured leaf explants showed indirect organogene-
sis, including somatic embryogenesis from callus tissue and
direct regeneration of adventitious shoots, buds and
plantlets from wound sites and possibly cells of the stomatal
complex (De Villiers and Bornman 1999, Niederwieser
2004).
In the present study we report successful induction of
somatic embryogenesis, and organogenesis via callus for-
mation using transverse thin sections of young green bul-
blets of O. longibracteatum. This protocol is simple, repro-
ducible and may be suitable for genetic transformation.
Materials and Methods
Bulblets of Ornithogalum longibracteatum (Jacq.) were col-
lected from the Botanical Garden, University of KwaZulu-
Natal, Pietermaritzburg, South Africa. They were cleansed
with commercial bleach (3.5% NaOCl) for five minutes, sub-
sequently surface-decontaminated with 70% ethanol for five
minutes, followed by immersion in 0.2% HgCl2 for two min-
utes and finally rinsed five times with sterile water.
Transverse thin sections (about 0.5–1.0mm) were cut from
the bulblets and each thin section cultured individually on
MS (Murashige and Skoog 1962) basal medium containing
90mM sucrose, 2.0g l–1 Gellan gum, 1.0g l–1 L-glutamine,
0.5g l–1 meso-inositol, 0.5g l–1 casein hydrosylate and 0.2g l–1
folic acid. MS basal medium was supplemented with various
concentrations of 2,4-D (3.0µM, 5.0µM, 8.0µM and 20.0µM)
and Kin (2.0µM, 4.0µM, 9.0µM and 24.0µM) in glass jars
containing 50ml of the medium under cool white fluorescent
lamps (100µmol m–2 s–1) at 25 ± 3°C. The pH of the media
was adjusted to 5.8 with NaOH or HCl before Gellan gum
was added. The media were then sterilised by autoclaving at
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Figure 1: In vitro regeneration of Ornithogalum longibracteatum (Jacq.) — (A) Luxuriant growth of Ornithogalum longibracteatum in the field.
(B) Initiation of bud-like structures from thin section of bulblets. (C) Bud-like structures forming bulblets after 4 weeks. (D) Well developed
bulblets showing the development of leaves. (E) Development of plantlets with roots. (F) Various developmental stages of somatic embryos
seen under the microscope. (G) Globular and oval shaped somatic embryos matured with ABA treatment. (H) Somatic embryo successfully
germinated and forming plantlet. Scale bar = 1mm
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121°C and 1.04kg cm–2 for 15 minutes. The stock solutions
of L-glutamine and casein hydrosylate were filter sterilised
and added to the media after autoclaving when the medium
had cooled to about 50°C.
The cultures were maintained for four weeks for the initia-
tion of shoot buds and callus formation. The shoot buds
were separated from callus and maintained for another 2–3
weeks on MS basal medium supplemented with 4.0µM Kin.
Elongated shoots were separated and were transferred to
MS basal medium for rooting. The plantlets showed normal
growth.
The callus produced was whitish and glossy in appear-
ance and was subcultured for proliferation on MS basal
medium supplemented with 3.0µM 2,4-D and 9.0µM Kin.
Microscopic observation of the tissue showed actively divid-
ing round and oval cells each with a prominent nucleus.
Some cells showed clear division into the 2- and 4-cell
stages which is a prerequisite for somatic embryogenesis.
After two weeks, the white glossy callus showing 2- to 4-cell
stages was transferred to MS basal medium supplemented
with 120mM sucrose, 60µM ABA and 4.0g l–1 Gellan gum
without any other growth regulators. All the cultures were
maintained in the dark at 25 ± 3°C for one week and then
transferred to light conditions (100µmol m–2 s–1). Microscopic
examination of cultures showed active cell divisions into a
clear 8-cell stage. After an additional three weeks of subcul-
ture, globular and heart shaped embryos appeared on the
surface of the callus. The somatic embryos were separated
from the callus and placed on half-strength MS medium
without growth regulators. Embryos matured into plantlets
within 2–3 weeks. Plants with roots showed normal growth.
In all the above experiments, each culture jar received
three explants. Each replicate contained 10 cultures and one
set of experiments was made up of three replicates (3 x 10
= 30 cultures). All the experiments were repeated three
times. Data presented in the tables were analysed for signif-
icance using ANOVA and the differences contrasted using a
Duncan’s multiple range test. All statistical analysis was per-
formed at the 5% level.
Results and Discussion
The present investigation demonstrated that Kin alone and
in combination with 2,4-D has a high potential to induce
shoot buds and somatic embryos from thin transverse bul-
blet sections of Ornithogalum longibracteatum. Thin sec-
tions of bulblets cultured on MS basal medium without
growth regulators (Control) and with higher concentrations
of Kin (9.0µM and 24.0µM) showed slow initiation of buds.
However, after 7–9 weeks, instead of further elongation they
remained stunted and failed to produce complete plantlets.
The initiation of shoot buds was enhanced by lower concen-
trations of Kin (2.0–4.0µM). The highest percentage of
explants (83%) producing shoot buds (14 ± 2) was observed
with 4.0µM Kin on MS basal medium. This was the optimum
concentration in these experiments for shoot bud formation
in Ornithogalum longibracteatum (Figure 1B, C). Thin sec-
tions of bulblets remained green and developed callus with
small green bud-like structures within two weeks when cul-
tured on MS supplemented with 4.0µM Kin. These bud-like
structures were maintained for another two weeks on similar
fresh medium. After 4–5 weeks, the shoot buds formed
young green bulblets with leaves (Figure 1D). Young bul-
blets with leaves were separated from mother tissue and
transferred to half-strength MS basal medium for rooting.
Bulblets showed good growth and elongation of leaves with-
in one week (Figure 1E).
In the case of Ornithogalum maculatum, leaf explants pro-
duced shoot buds with callus on MS basal medium supple-
mented with BA at 0.5–2.0mg l–1 and NAA at 0.02–2.0mg l–1
(Van Rensburg et al. 1989). Regeneration of adventitious
shoots of an Ornithogalum hybrid in vitro was achieved by
culturing leaf explants on MS basal medium supplemented
with a combination of 2.0mg l–1 BA and 0.1mg l–1 NAA (Nel
1981). Similarly De Villiers and Bornman (1999) successful-
ly reported adventitious shoot bud formation with callus from
in vitro cultured leaf explants on MS basal medium supple-
mented with 4.5µM BA, 2.25µM Kin and 90mM sucrose in a
chincherinchee hybrid (O. thyrsoides x O. dubium). Various
pathways were postulated and investigated for the regener-
ation in vitro of Ornithogalum thyrsoides. Leaf explants were
used and evidence emerged which supported both indirect
organogenesis, including somatic embryogenesis, from cal-
lus tissue and direct regeneration of adventitious shoots,
buds and plantlets from wound sites and possibly cells of the
stomatal complex. In the present study, the explants used
were thin sections of the bulblet, which induced a high per-
centage of shoot regeneration on MS basal medium supple-
mented with 4.0µM Kin.
Thin sections of bulblets when cultured on MS basal medi-
um supplemented with various concentrations of 2,4-D and
Kin induced white glossy smooth callus within four weeks.
The highest percentage of white glossy callus with actively
dividing cells was noticed on MS basal medium supple-
mented with 3.0µM 2,4-D and 9.0µM Kin. Microscopic
observation of callus showed 2- to 4-cell stages of embryo-
genesis. On the other hand the rest of the combinations of
2,4-D with Kin induced white glossy callus and showed
loosely arranged parenchymatous cells. Further subculture
of callus showed prolific growth but failed to produce somat-
ic embryos even after 4–8 weeks and were discarded. On
the basis of this study, callus induced on MS basal medium
supplemented with 3.0µM 2,4-D with 9.0µM Kin showed
effective embryogenesis. After 2–3 weeks, white glossy cal-
lus with 2- to 4-cell stages was subcultured onto MS basal
medium supplemented with 40g l–1 sucrose, 60µM ABA and
4.0g l–1 Gellan gum for embryo maturation (Figure 1F, G).
The highest percentage of somatic embryogenesis (17%)
was recorded with 3.0µM 2,4-D and 9.0µM Kin (Table 1).
One gram fresh weight of callus produced 6.0 ± 2.0 somatic
embryos (Table 1) (Figure 1F, G). A total of three to four
emblings were recovered from five germinated somatic
embryos per gram fresh weight of callus (Table 1). Lowest
percentage of somatic embryogenesis (2.5 ± 0.8) was
recorded with 3.0µM 2,4-D and 4.0µM Kin supplemented
MS basal medium (Table 1). Therefore, MS basal medium
supplemented with 3.0µM 2,4-D and 9.0µM Kin was the opti-
mum for inducing somatic embryogenesis in Ornithogalum
longibracteatum. The conversion of somatic embryos into
plantlets was high when matured somatic embryos were
separated and subcultured on MS basal medium without
growth regulators (Figure 1H). The failure and/or low fre-
quency conversion is often attributed to morphological
abnormalities or immaturity of somatic embryos (Ammirato
1987). A low percentage of somatic embryogenesis was
recorded in Ornithogalum thyrsoides using leaf explants on
MS basal medium supplemented with 2.0µM BA and 0.5µM
NAA (De Villiers and Bornman 1999). Somatic embryo for-
mation is a frequent feature of callus culture and may also
allow better identification of the target cells involved in the
differentiation of somatic embryos. According to De Villiers
and Bornman (1999), the initiation of active cell divisions in
the callus with meristematic activity served as the primordia
for somatic embryos. Somatic embryos were initiated pre-
sumably from meristemoids induced in the callus. In this
study, the callus with actively dividing cells showed embryo-
genesis and produced somatic embryos on maturation
medium with ABA treatment. Without ABA treatment, active-
ly dividing cells showed the 2- to 4-cell stage and further
subculture lead to recallusing without somatic embryo for-
mation. Our results are in agreement with the literature.
In conclusion, there are several pathways by which
Ornithogalum longibracteatum can be regenerated in vitro
from both differentiated as well as undifferentiated explant
tissues and it should therefore, be possible to exploit some
of these in transformation studies. Young bulblets were the
best explant source for somatic embryogenesis. This proto-
col is simple and can be effectively used for inducing both
organogenesis and somatic embryogenesis via a callus
phase.
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Table 1: Effect of various concentrations of Kin combined with 3.0µM 2,4-D supplemented MS basal medium on somatic embryogenesis in
Ornithogalum longibracteatum
2,4-D (µM) Kin (µM) Somatic embryogenesis (%) Somatic Embryos Somatic Embryos Somatic seedlings
recovered g–1 fresh weight germinated g–1 fresh weight
2.0 0 0 0
3.0 4.0 2.5 ± 0.8b 1.0 ± 0.0c 1.0 ± 0.0c 1.0 ± 0.0c
9.0 17.0 ± 2.3a 6.0 ± 2.0b 5.0 ± 1.3a 3.0 ± 1.4a
Table represents only optimum results.
Data recorded after 6 weeks of culture and represents mean ± SE of at least 3 different experiments. In each column values with different let-
ters are significantly different at P < 0.05
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